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Supported cobalt-silica coprecipitated hydrogenation catalyst 

This invention relates to coprecipitated cobalt-silica catalysts and their use in hydrogenating 
organic compounds. This invention also relates to the preparation of supported coprecipitated cobalt- 
silica catalysts. Furthermore, this invention relates to the use of the catalysts, in reduced form to 
hydrogenate organic compounds. 

5 The catalytic reduction of organic compounds in the presence of nickel and cobalt catalysts is 

known. Nickel catalysts, especially supported nickel catalysts, have many commercial uses. For 
example, U.S. Patent 3,535,271 teaches the use of a nickel catalyst promoted by copper for 
dehydrogenation, cracking, reforming, polymerization, isomerization, alkylation, as well as other 
treating processes. Other examples of nickel catalysts and their use in reforming and other processes 

10 include U.S. Patent Nos. 2,750,261; 3,205,182; 3,351,566; 3,417,029; 3,697,445' 3 859 370' 
3,868,332; 4,088,603; and Belgian Patent No. 841,812 (GB 1518878). In all of these patents, the 
catalysts are prepared by coprecipitation or impregnation processes wherein the catalytic metal 
precursors are either precipitated from solution in the presence of a support material or solution 
containing said precursor or impregnated into the pores of a porous support material. In the British 

15 Patent No. 1,220,105, for example, aqueous solutions are employed in conjunction with a 
homogeneous precipitation procedure to give highly dispersed nickel catalyst. 

D. J. C. Yates. W. F. Taylor and J. H. Sinfelt U Am. Chem. Soc, 86 2996 [1964]) described a 
chemisorption technique and its utility in correlating nickel particle size (and/or nickel surface area) with 
catalytic activity. In Figure 3 of their publication, there is shown that a direct relation exists between 

20 reduced nickel surface area (m 2 /g of catalyst) and initial reaction rate for ethane catalytically converted 
into methane (as moles C 2 H a converted per hour per gram of catalyst). It follows, then, that methods 
which increase the nickel surface area of a nickel catalyst (other factors such as nickel content 
remaining constant) is a desirable feature, leading to a catalyst of improved catalytic activity. Patentees 
of U.S. Patent Nos. 3,697,445; 3,859,370 and 3,868,332 also appreciated that by achieving a higher 

zs degree of dispersion of nickel in the catalyst results In a more active catalyst and indeed they obtain a 
fairly high degree of dispersions by their coprecipitation techniques wherein nickel cations were 
gradually precipitated from an aqueous solution in the presence of silicate anion and solid porous 
particles to obtain dispersion greater than 70 m 2 /g of reduced nickel metal per gram of catalyst. Belgian 
Patent No. 841,812 teaches that the addition of copper ions during the precipitation step provides a 

so catalyst that can be reduced at temperatures of approximately 200°C. U.S. Patent No. 4,088,603 
discloses an improved method of activating the coprecipitated nickel-copper-silica catalysts. 

A number of patents have disclose^ cobalt, cobalt-nickel and cobalt-nickei-cbpper catalysts, e.g., 
U.S. Patent Nos. 3,166.491; 3,385,670; 3,432,443; 3,547,830; 3,650,713; 3,661,798; 3,945,944; 
4,014,933 and 4,026,823; and British Patent Nos. 1,000,826; 1,000,829; 1,095,996, 1,095,997 and 

as 1 ,182,829. None of these patents, however, disclose coprecipitation of cobalt salts and silicate ions in 
the presence of the porous carrier particles. 

In some of the above-mentioned patents, for example, U.S. Patent Nos. 3,697,445; 3,859,370; 
3,868,332 and Belgian Patent No. 841,812 it is mentioned that cobalt or iron may be used in place of 
nickel in the coprecipitation process. However, these patents only show nickel (in the examples) as the 

40 non-noble Group VIII catalytic metal used. 

it has been discovered that, contrary to the suggestions in the aforementioned prior art, the non- 
noble Group VIII metals are not equivalent in terms of their catalytic properties and/or reduced metal 
surface area when prepared by coprecipitation in the presence of silicate anions and solid carrier 
particles. In this connection, it has been found that when nickel is replaced by iron in the process of U.S. 

45 Patent No. 3,697,445, the resulting calcined and reduced catalyst does not appreciably catalyze the 
hydrogenation of benzene to cyclohexane while the initial argon B.E.T. surface area of the catalyst was 
256 m 2 /g. However, quite surprisingly, when nickel is replaced by cobalt in the process of U.S. Patent 
No. 3,697,445, the resulting catalyst following calcination and reduction at 400°C, has a relatively low 
metal reduced surface area as determined by hydrogen chemisorption (i.e, from 5 to 20 m 2 /g of 

so catalyst), but a high catalytic hydrogenation activity. The hydrogenation activity of the coprecipitated 
cobalt-silica catalyst is higher than anticipated in light of the low value of reduced metal surface area of 
the coprecipitated catalyst relative to the nickel catalyst prepared by the same procedure. Surprisingly, 
the supported coprecipitation cobalt catalyst of the present invention has about twice the activity of the 
supported coprecipitated nickel-copper-silica catalyst of Belgian Patent No. 841,812 even though it 

55 generally has less than half of the reduced metal surface area of the nickei-copper-silica catalyst of said 
patent. 

In one embodiment of the invention, there is provided a supported cobalt-silica coprecipitated 
hydrogenation catalyst characterized as having a B.E.T. total surface area ranging from about 150 to 
about 350 m 2 /g and a reduced cobalt surface area ranging from about 5 to about 20 m 2 /g as 
eo determined by hydrogen chemisorption, after reduction at 400°C, wherein the amount of cobalt in the 
catalyst ranges from about 25 wt.% to about 70 wt% based on the total weight of the catalyst. 
Preferably, this catalyst will contain less than 0.1 wt.% sodium based on the total weight of the active 
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catalyst. The catalyst of the present invention may additionally include copreci pita ted copper in an 
amount ranging from about 2 wt.% to about 1 0 wt.% based on the weight of the catalyst. The presence 
of the copper facilitates reduction of the catalyst at lower temperatures, i.e., 200°C. 

In another embodiment of the invention, there is provided a process for preparing a supported 
5 coprecipitated cobalt-silica catalyst comprising: 

(a) preparing a reaction mixture comprising an aqueous solution containing cobalt ions, silicate 
ions and solid porous carrier particles under agitation to form a coprecipitate of the cobalt and silicate 
ions onto said solid porous support particles; 

(b) heating the aqueous reaction mixture; and 

w (c) adding an alkaline precipitating agent to further coprecipitate the cobalt and silicate ions onto 

said solid porous support particles. 

Preferably, the proportions of materials in the reaction mixture will be sufficient to provide from 
about 25 wt.% to about 70 wt.% cobalt based on the total weight of the calcined and reduced catalysts. 
In this process copper ions may be added to the aqueous reaction mixture in an amount sufficient 

is to provide from about 2 wt.% to about 10 wt.% of copper in the catalyst, the weight percent being 
based on a total weight of the catalyst. Following preparation of the catalyst, the catalyst may be 
calcined under oxidative conditions at a temperature ranging from about 300 to about 450°C and 
reduced at temperatures ranging from about 75°C to 400° C. 

In still another embodiment of the present invention, there is provided a process for hydro- 

20 genating organic compounds which comprises contacting at least one hydrogenatable organic 
compound with a reducing agent such as hydrogen in the presence of the hereinabove described 
catalyst preparation in its calcined and reduced state. Typical organic compounds which may be 
reduced by the process of the invention include aromatic compounds, such as benzene, olefins, 
aldehydes and nitriles. ■ 

26 As generally discussed above, the catalysts of the present invention are prepared by preparing a 

reaction mixture comprising an aqueous solution containing cobalt cations (which may optionally 
include copper cations), silicate anions and solid porous carrier particles as the support materia! such as 
kieselguhr. Preferably a solution containing the cation(s) is uniformly comingled with the silicate anion 
solution with solid porous carrier particles slurried therein, by the addition of the cation-containing 

30 solution to the support-containing silicate solution over a period of approximately 5 to 40 minutes. 
Alternatively, the solution containing silicate anions may be added to the solution of cobalt cations with 
the solid porous support particles slurried therein. By comingling the previously prepared solutions, the 
amount of dissolved cobalt {and optionally with the copper cations) in the reaction mixture may be kept 
exceedingly low and in general well below 0.60 moles/liter of the aqueous reaction mixture. This 

35 dilution of the dissolved cobalt ions is preferred in obtaining high catalytic activity. Also, the addition 
should be made at a substantially constant rate accompanied by vigorous mixing to increase uniformity 
in the catalyst formation. The mixture is then heated, preferably to its boiling point at atmospheric 
pressure, and a precipitating agent is added to further coprecipitate the remaining dissolved cobalt and 
optionally copper with the silicate anions onto the porous support particles. 

40 During catalyst preparation, water is added to the reaction mixture to maintain a nearly constant 

volume so that water loss by evaporation is continually replaced. The aqueous reaction mixture is 
preferably kept at its boiling point (at atmospheric pressure) for a period of one to five hours (although 
heating at a temperature below the boiling point of the solution, i.e., 60 — 99 °C, may be employed to 
minimize evaporation); it is then filtered and the resulting product is washed repeatedly with boiling 

45 water to remove alkali metals and other impurities. (Generally the washings will be four or more times). 
Then, the catalyst is dried at temperatures ranging from 90 — 200°C, for one to five hours and calcined 
in an oxygen source, e.g., an oxygen-containing gas such as air to a temperature ranging from 300 — 
450°C, for a period of 2 — 8 hours, preferably 3 — 5 hours. The finished catalyst can then be charged 
directly (or subsequent to shaping or extruding such as in the form of tablets or pellets) into the reaction 

so vessel, without activation, and activated in the reaction vessel with a gaseous reductant, usually 
flowing hydrogen. 

As stated previously, the cobalt-containing solution and the silicate-containing solution are 
preferably comingled under conditions of dilution such that the amount of dissolved cobalt ions in the 
resultant reaction mixture is maintained exceedingly low thereby providing for a high catalytic activity. 

55 Additionally, however, it is preferred that in preparing the catalyst of this invention, the coprecipitation 
of the catalyst is made from dilute solutions, i.e., the cobalt-containing solution should have a cobalt 
concentration no greater than 1.0 moles/liter and the other solution a silicate ion (e.g., alkali metal 
matasilicate) concentration no greater than 0.4 moles/liter. When copper cations are included in the 
reaction mixture the copper concentration is determined by the desired amount of copper in the 

60 catalyst. The most preferred solution used in preparing the catalyst has no more than 0.75 moles/liter 
of cobalt, more preferably less than 0.6 moles/liter and 0.26 moles/liter of silicate ions, e.g., sodium 
metasilicate. This is contrasted with a more concentrated precipitation in which the solution contains 
up to twice as much solute. The mole ratio of cobalt to silicate employed ranges from about 0.3:1 to 
about 2.5:1 in the calcined and reduced catalyst. 

65 In the case of the silicate-porous silica based catalysts about 30 to 90 wt.% of the total silica 
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content of the activated catalyst is derived from precipitated silicate ions when the solid porous 
particles comprise t silica. Preferably, however, 50 to 70 wt% of the total silica content is derived from 
the silicate tons when the solid porous particles comprise silica. 

The remaining steps in preparing and activating the catalyst are identical to those described 
5 above. 

In a preferred aspect of the invention the catalyst of the invention Is formed by coprecipitating 
cobalt (and optionally including copper) and silicate ions onto a porous solid particulate support 
preferably solid porous silica particles from an aqueous solution. In this preferred embodiment of the 
invention, two distinct solutions are prepared with solid porous particles slurried in one of them. In one 

w of these solutions is a silicate ion source such as alkali metal silicates, i.e., sodium and potassium 
silicates, sodium metasilicate, etc. or silicic acid ion source which is preferably slurried in an aqueous 
mixture containing solid porous particles. • 
A second solution, containing a source of cobalt cation (and optionally copper cation) is also 
prepared; the source of the cobalt cation may be any of the following: cobaltous nitrate, cobaltous 

ts ch oride and cobaltous bromide. The source of the copper cation may be also copper nitrate, copper 
chloride and copper bromide. 

P? er J source t. of coba,t and copper cations and silicate ions may be utilized and are obvious to one 
skilled in the art. The salts of the metal are the water soluble compounds, e.g., nitrates, halides 
formates, or oxalates. 

20 As discussed above, the solid porous particles, preferably silica particles, will be slurried in either 
the silicate ion solution or the cobalt containing solution. In particular, kieselguhr, infusorial earth 
diatomaceous earth, siliceous earth, silica or alumina will be the source of the porous particles The 
concentration of the porous solid particles can be expressed as percent of total silica in the catalyst and 
should be from 1 0 to 70 wt.%, preferably from 30 to 50 wt.%. 

25 The solution -containing the cation(s) and the other solution containing the silicate ions with one 
containing the solid porous particles, are comingled at a slow rate to effect maximum mixing. Typically 
the cobalt (which may optionally include copper ions) solution would be added to a sodium metasilicate 
solution, with kieselguhr slurried therein uniformly over approximately a 5 to 40 minute period 
preferably 10 to 30 minute period. Alternatively the solution containing sodium metasilicate may be' 

so added to the cobalt solution, which has the kieselguhr slurried therein. The mixture is then heated 
Coprecipitation is completed by various methods known in the art, but it is most preferred that the 
coprecipitation of the cobalt (and optionally the addition of copper) and silicate ions in the aqueous 
solution containing the solid porous particles be completed by the addition of a water-soluble alkaline 
precipitating agent. The alkaline ammonium precipitants are most suitable for minimizing the amount 

35 of alkali metal residue which has to be removed by washing to avoid poisoning action on the finished 
catalyst. In some instances, the potassium precipitants may be used where the potassium acts as a 
promoter rather than a poison. Sodium carbonate is still another example of a suitable water-soluble 
alkaline precipitating compound. Various organic alkaline materials may be used to complete the 
precipitation such as urea, primary and secondary amines. However, a preferred precipitating agent Is 

40 ammonium bicarbonate. 

The precipitated catalyst is preferably washed to remove impurities, particularly sodium. If it is 
desired to remove the trace levels of sodium In the catalyst, one may wash the filter cake with a 
washing liquor comprising a mixture of water and a small amount, i.e., about 100 ppm of a filtering aid 
such as sodium or potassium carbonate or nitrate or 200 ppm of ammonium carbonate. In this 

45 connection reference is made to U.S. Patent No. 4,105,591, the disclosure of which is incorporated 
herein by reference. K 

After the washing, drying and calcining is completed, the catalyst must be reduced in order to 
activate it. Reduction is carried out in the presence of a reducing gas which is preferably hydrogen The 
reducing gas is passed over the catalyst at ambient temperatures at a rate of 51/h/g to 301/h/g and then 

so the temperature is raised to a range of from 75°C to 400°C. In the case of the cobalt-copper-siiica 
supported catalyst of the invention lower temperatures of reduction may be employed i e Sb°C to 



The reduction (activation) is preferably carried out after the catalyst has been loaded into the 
reaction vessel (in the case of the cobalt-copper-containing catalyst) where the hydrogenation will be 
55 carried out, which may be either batch or continuous. The nature of the reactor will be obvious to one 
skilled in the art. The activation procedure of U.S. Patent No. 4,088,603 may be used with the catalyst 
of the present invention. 

The activated catalyst is sensitive to deactivation and may not be stored in the presence of oxygen 
at ordinary temperatures without first being passivated. The passivation step may consist of purging the 

so reactor at a temperature greater than 300°F (149°C) with an inert gas preferably nitrogen, cooling to 
ambient temperature and then passing the inert gas over the catalyst while an air bleed is introduced 
into the inert gas so as to have approximately 1 — 2 mol percent oxygen present. This procedure will 
passivate the catalyst by putting a surface oxide coating on it. Preferably, the catalyst will be passivated 
by the process of U.S. Patent No. 4,090,980. 

55 The resulting catalyst preferably is capable of having a cobalt surface area ranging from about 5 
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to about 20 m7g as determined by hydrogen chemisorption after reduction at 400°C The cobalt 
surface area as referred to herein is determined by hydrogen chemisorption after reduction at 400°C 
oioi h ?IoL S ^ Sp 5 clf !? d ', ln the manner described by Yates, Taylor and Sinfelt in J. Am. Chew. Soc 
86, 2996 (1 964), the disclosure of which is incorporated herein by reference. The cobalt surface area 

5 is reported as square meters per gram of total catalyst. The B.E.T. total surface area of the catalyst of 
the invention will range from about 1 50 to about 350 m7g, preferably from about 225 to about 300 
m /g. The method for measuring the total catalyst surface area known as the B.E.T. method is described 
in Emmet, P.H. Advances in Catalysis, I, 65 (1948). Also the catalyst preferably contains about 0.1 
wt.% or less of sodium and preferably from 25 wt.% to about 60 wt.% of cobalt. 

w The catalysts of the present invention are useful in hydrogenating hydrogenatable organic 

compounds. In this connection the catalysts of the present invention may be used to hydrogenate 
aromatic containing compounds as typified by the hydrogenation of benzene to cyclohexane, the 
hydrogenation of aldehydes, both saturated and unsaturated to the alcohols as in the well-known oxo 
process, the hydrogenation of the double bonds in edible fats and oils as well as other olefins both 

is straight and branched chain, the hydrogenation of aromatics in white oil base stock to produce high- 
grade white oil, the hydrogenation cf nitro compounds to amines and the hydrogenation of nitriles to 
amines. Indeed, olefins as used herein signify unsaturated compounds having at least one multiple 
bond and contemplates polyunsaturated compounds as well. 

The conditions for the hydrogenation reactions have been discussed very widely and are well 

20 known to those skilled in the art; broadly the following conditions may be utilized: temperatures ranging 
from about 25°C to 300°C, preferably from 75°C to 250°C; pressures ranging from 1 atmosphere 
(N/m 2 ) to 800 atmospheres (N/m 2 ), preferably from 1 atmosphere (N/m 2 ) to 50 atmospheres (N/m 2 ), 
feed rates of from 0.2 to 1 00 volumes per hour per volume of catalyst and hydrogen addition of from 
500 to 10,000 standard cubic feet per barrel (SCF/B) of feed (90 to 1800 volumes per volume of feed, 

25 may be used. 

In the case of the oxo process, i.e., the addition of carbon monoxide and hydrogen to alkene to 
produce alcohols, aldehydes and other oxygenated organic compounds, one would typically employ 
conditions such that the temperatures would range from about 70°C to 1 75°C and use a hydrogen-to- 
hydrocarbon mole ratio of 0.5 to 10 and a pressure of 100 to 1000 psig (7 to 70 kg/cm 2 ). The alkenes 

30 used in such a process would typically contain 2 to 20 carbon atoms per molecule. The product of such 
a carbonylation process generally consists of aldehydes, acetals, unsaturated oxygenated materials and 
the like which require hydrofinlshing in a second or further hydrogenation stage. It is to the treatment of 
the aldehyde product, in particular, that the present invention applies. Hydrogenation conditions in this 
further reaction stage follow those generally employed in the first stage. 

35 Another useful improved hydrogenation is the conversion of aromatics in white spirits to yield 

high quality solvents. The upgrading of white spirits by the process of the present invention is an 
improvement in the treatment of such materials. 

Still another useful improved hydrogenation of the invention is the conversion of olefins in paraffin 
solvents such as denonenizer bottoms and deoctenizer overheads. 

40 Two especially useful hydrogenation processes included within the scope of the invention include 

the hydrogenation of aromatics such as benzene to cyclohexane and the production of amines from 
nitro compounds and nitriles. For example, the invention is useful in converting C 12 to C 24 nitriles to the 
corresponding fatty acid amines. Also, aromatic nitro compounds may be converted to amines, e.g., 
nitrobenzene to aniline or the conversion of aromatic amines to cycloaliphatic amines, e.g., aniline to 

46 cyclohexyl amine. 

The following examples more fully describe the manner of making and using the above-described 
invention as well as to set forth the best modes contemplated for carrying out various aspects of the 
invention. 

50 

Example 1 

Catalyst A was prepared as follows: 62.7g of Co(N0 3 ) 2 .6H 2 0 was dissolved in 280 ml of distilled 
water, then 21 .3g of Na 2 Si0 3 .9H 2 0 was dissolved in another 280 ml of distilled water and 2.8g of acid- 
washed kieselguhr was slurried in the first solution containing the cobaltous salt. 

55 The first solution with the kieselguhr slurried therein was stirred vigorously while the second 

solution containing the sodium metasilicate was added at a uniform rate over a 20-minute period. This 
mixture was then heated to the boiling point of the solution (at atmospheric pressure) and 44.7g of 
NH 4 HC0 3 was added at a uniform rate over a 20-minute period. This mixture was kept at the boiling 
point of the solution for 3 hours while stirring was continued. It was then filtered and washed 2 times 

60 with boiling distilled water, each wash consisting of 1 liter of the distilled water. The filter-cake was 
then dried at 120°C and calcined in air for 4 hours at 400°C. The reduced cobalt surface area of 
catalyst A was determined by hydrogen chemisorption, after reduction at 400°C to be 10.4 m 2 /g of 
catalyst and the cobalt content based on the total weight of the calcined and reduced catalyst, will be 
found to be between 25 wt.% and 70 wt.%. The catalyst by the above procedure had a B.E.T. total 

65 surface area of 170 m 2 /g. 
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Example 2 

Catalyst B was prepared in the same manner as Catalyst A except that the first solution 
containing the cobalt contains 3.8g of Cu(N0 3 ) 2 .3H 2 0 dissolved therein. After reduction at 400°C the 
reduced Co surface area, as determined by hydrogen chemisorption, will be found to be between 5 and 
20 m /g and the wt.% of cobalt based on the total weight of calcined and reduced catalyst will be 
found to be between 25 and 70 wt.%. The B.E.T. total surface area will be found to be between 150 
and 350 m 2 /g. 

Comparative Example I 

Catalyst C was prepared as follows: 1 12g of Ni(N0 3 ) 2 .6H 2 0 was dissolved in 500 ml of distilled 
water, then 38g of Na 2 Si0 3 .9H 2 0 was dissolved in another 500 ml of water and 5g of acid washed 
kieselguhr was slurried in the second solution. The second solution with kieselguhr slurried therein was 
stirred vigorously while the first solution containing the nickel salt was added at a uniform rate over a 
20-minute period. This mixture was then heated to the boiling point of the mixture (at atmospheric 
pressure) and 80g of NH 4 HC0 3 was added at a uniform rate over a 20-minute period. The mixture was 
kept at the boiling point of the reaction mixture for 3 hours while stirring continued. It was then filtered 
and washed 5 times with boiling water, each wash consisting of 500 ml of distilled water. The filter- 
cake was then dried at 120°C and calcined in air for 4 hours at 400°C. The reduced nickel surface area 
was determined by hydrogen chemisorption, after reduction at 400°C to be 65 m 2 /g and it had a B.E.T. 
total surface area of 292 m 2 /g. 

Comparative Example II 

Catalyst D was prepared as follows: 8.75g of Cu(N0 3 ) 2 .3H 2 0 and 1 12 g of Ni(N0 3 ) 2 .6H 2 0 were 
dissolved in 500ml of distilled water, then 38g of Na 2 Si0 3 .9H 2 0 was dissolved in another 500ml of 
distilled water and 5g of acid washed kieselguhr was slurried in the second solution. The second 
solution with the kieselguhr slurried therein was stirred vigorously while the first solution containing the 
copper and nickel salt was added at a uniform rate over a 20-minute period. This mixture was then 
heated to the boiling point of the reaction mixture and 80g, of NH 4 HC0 3 was added at a uniform rate 
over a 20-minute period. This mixture was kept at the boiling point of the mixture for 3 hours while 
stirring continued. It was then filtered and washed 5 times with boiling water, each wash consisting of 
500ml of distilled water. The filter-cake was then dried at 120°C and calcined in air for 4 hours at 
400°C. The reduced nickel surface area of Catalyst D was determined by hydrogen chemisorption, after 
reduction at 400°C, to be 61.3 m 2 /g and it had a B.E.T. total surface area of 259 m 2 /g. 

Each of Catalysts A, B, C and D was used to hydrogenate benzene to cyclohexane to ascertain 
their relative hydrogenation catalytic capabilities. The results of this comparison are shown in Table I. 
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The data in Table i show that Catalyst A, the cobalt/Si0 2 catalyst had a higher activity for 
hydrogenating benzene than does the corresponding nickel-silica coprecipitated catalyst (Catalyst C) 
was prepared in accordance with U.S. Patent No. 3,697,445, even though the latter catalyst, when 
reduced at 400°C, has a relatively higher metal surface area than the cobalt-silica coprecipitated 
5 catalyst of the instant invention. The data in Table I also shows that the nickel-copper-silica 
coprecipitated catalyst has a higher activity for hydrogenation of benzene than does Catalyst B (the 
cobalt-copper-silica coprecipitated catalyst) which is believed to be attributed to the copper 
concentrating in the surface and since the copper itself has very low hydrogenation activity the catalyst 
has a low activity. 

70 

Example 3 

Catalyst E was prepared in the same manner as Catalyst B except that it was reduced at 200°C 
for 1 6 hours instead of at 400°C for 16 hours. The reduced Co surface area (determined by hydrogen 
chemisorption) will be found to be between 5 and 20 m 2 /g and the wt.% of Co based on the total 
is weight of calcined and reduced catalyst will be found to be between 25 and 70 wt.%. The BET total 
surface area will he found to be between 1 50 and 350 m 2 /g. 

Comparative Example HI 

Catalyst F was prepared in the same manner as Catalyst D except that the catalyst was reduced at 
20 200°C for 1 6 hours instead of at 400°C for 1 6 hours. 



TABLE II 

Catalytic conversion of benzene to cyclohexane 110 
25 Catalyst E (Co/Cu/Si0 2 ) Catalyst F (Ni/Cu/Si0 2 ) 



Time 


Benzene 


Time 


Benzene 


(min) 


Conversion 96 


(min) 


Conversion % 


60 


46.6 


60 


79.2 


90 


44.4 


90 


77.8 


120 


44.0 


150 


78.0 






240 


77.3 



35 {B) Reaction Conditions: Pressure: 1 atmosphere; Temperature: 76 — 77°C; Feed: 90% n-hexane, 10% 
benzene; Feed Rate: 20 cm 3 /h; H 2 rate: 20.4 l/h, Catalyst Charge: 0.25g, (catalyst reduced 1 6 hrs 
200°C) 



40 Comparative Example IV 

Catalyst G was prepared as follows: 91.2g of Fe(N0 3 ) 3 .9H 2 0 was dissolved in 500ml of distilled 
water. To this solution there was added 2.8g, of kieselguhr followed by the addition under conditions of 
vigorous mixing 200 ml of an aqueous solution containing 21.26g, of Na 2 Si0 3 .9H 2 0. Mixing of this 
comingled solution was continued and followed by heating to about 80°C. The coprecipitation, was 

45 completed b« the addition of 67.2g, of »mmoni:'m bicarbonate. The mixture was mixed for an 
additional 30 minutes after the last addition, and diluted to 4 liters with water, washed by decantation 
2 times with 4 liter washes, filtered and dried at 120°C. The catalyst was calcined for 3 hours at 
400 °C. The catalyst had a B.E.T. total surface area after evacuation at 260° C of 256 m 2 /g. After 
overnight reduction at 400°C the catalyst had a metal surface determined by hydrogen chemisorption 

so to be less than one m 2 /g catalyst and a B.E.T. surface area of only 1 32 m 2 /g of catalyst. 

An attempt was made to convert benzene to cyclohexane using the iron catalyst prepared above. 
The reaction conditions were as follows: Pressure: 1 atm.; Temperature: 76 — 77 °C; Feed: 90% N- 
hexane, 10% benzene; Feed rate: 20 cm 3 /h; H 2 rate: 20.4 liters/hour; Catalyst charge: 0.25g of catalyst 
which had been reduced 16 hours at 400°C. Samples of product were taken at 15 minutes, 30 

55 minutes and 60 minutes and there was no sign of benzene conversion in either of these samples. The 
temperature was raised to 1 12°C and the product was sampled to find no conversion of benzene to 
cyclohexane. 

The above tests demonstrate that the non-noble metal silica coprecipitated compositions are not 
equivalent in their hydrogenation catalytic properties. The above examples show that by increasing the 

so reduced nickel surface area one also increases the hydrogenation capability of the catalyst. However, the 
cobalt-containing catalyst having a substantially lower reduced metal surface area has a higher 
selective catalytic activity than the corresponding nickel catalyst. The iron containing composite 
prepared by the process of U.S. Patent No. 3 ,6 97, 445 had substantially no detectable catalytic activity 
with respect to converting benzene to cyclohexane, whereas the cobalt-containing catalysts of the 

ss present invention have good hydrogenation catalytic activity. 
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Claims 

1 . A supported coprecipitated cobalt-silica catalyst having, a B.E.T. total surface area ranging from 
150 to 350 m 2 /g and a reduced cobalt surface area ranging from 5 to 20 m 2 /g as determined by 

5 hydrogen chemisorption, after reduction at 400°C, wherein the amount of cobalt in the catalyst ranges 
from 25 wt.% to 70 wt.% based on the total weight of the calcined and reduced catalyst, wherein said 
catalyst has been prepared by coprecipitating cobalt and silicate ions onto solid porous particles. 

2. A catalyst according to claim 1 wherein the catalyst contains about 0.1 wt.% or less sodium 
based on the total weight of the active catalyst. 

to 3. A catalyst according to either of claims 1 and 2 wherein the solid porous particles are infusorial 

earth, diatomaceous earth, siliceous earth, silica or alumina. 

4. A catalyst according to either of claims. 1 and 2 wherein the soiid porous particles are 
kieselguhr. 

5. A catalyst according to any one of the preceding claims which additionally includes from 2 
is wt.% to 1 0 wt.% of coprecipitated copper based on the total weight of the catalyst 

6. A catalyst according to any one of the preceding claims wherein the amount of solid porous 
particles ranges from 1 0 wt.% to 70 wt.% based on the total silica in the catalyst. 

7. A catalyst according to claim 6 wherein the amount of the porous solid particles ranges from 
30 wt.% to 50 wt.% based on the total silica in the catalyst. 

20 8. A catalyst according to any one of the preceding claims which has been reduced to an active 

state. 

9. A process for preparing a supported coprecipitated cobalt-silica catalyst according to claim 1 
which comprises: 

(a) preparing a reaction mixture containing cobalt ions, silicate ions and soiid porous carrier 
25 particles under agitation to form a coprecipitate of the cobalt and silicate ions onto said solid porous 

support particles; 

(b) heating the aqueous reaction mixture; and 

(c) adding an alkaline precipitating agent to coprecipitate further the cobalt and silicate ions onto 
said porous support particles. 

30 10. A process for hydrogenating organic compounds which comprises contacting at least one 

hydrogenatable organic compound with hydrogen in the presence of the catalytic according to claim 8. 



Revendications 

35 

1 . Catalyseur au cobalt-silice co-pr6cipit6 sur support ayant une surface sp6cifique totale B.E.T. de 
1 50 a 350 m 2 /g et une surface specif ique de cobalt r6duit dans la gamme de 5 a 20 m 2 /g, telle que 
d6termin£e par chimiasorption d'hydrogene apres reduction a 400° C, caractSrisS en ce que la quantite 
de cobalt dans le catalyseur se situe entre 25% en poids et 70% en poids calcules par rapport au poids 

40 total du catalyseur calcine" et r6duit, et en ce que ledit catalyseur a ete prepare par co-precipitation 
d'ions cobalt et silicate sur des particules poreuses solides. 

2. Catalyseur selon la revendlcation 1, caracte>is6 en ce que le catalyseur contlent environ 0,1% 
en poids ou moins de sodium calcule* par rapport au poids total du catalyseur actif. 

3. Catalyseur selon Tune des revendications 1 ou 2, caracterise en ce que les particules poreuses 
45 solides sont de la terre d'infusoires, de la terre de diatomees, de la terre siliceuse, de la silice ou de 

I'alumine. 

4. Catalyseur selon Tune des revendications 1 ou 2, caracterise en ce que les particules poreuses 
solides sont du kieselguhr. 

5. Catalyseur selon Tune quelconque des revendications 1 a 4, caracterise en ce qu'il contlent, en 
so outre, 2% en poids a 10% en poids de cuivre co-precipite* calcules par rapport au poids total du 

catalyseur. 

6. Catalyseur selon Tune quelconque des revendications 1 a 5, caracterise en ce que la quantite 
de particules poreuses solides se situe entre 10% en poids et 70% en poids calcules par rapport a la 
silice totale dans le catalyseur. 

55 7. Catalyseur selon la revendlcation 6, caracterise en ce que la quantite des particules solides 

poreuses se situe entre 30% en poids et 50% en poids calcules par rapport a la silice totale dans le 
catalyseur 

8. Catalyseur selon Tune quelconque des revendications 1 a 7, caracterise en ce qu'il a et£ r6duit 
en un etat actif. 

60 9. Proced§ pour la preparation d'un catalyseur au cobalt-silice co-pr6cipite sur support selon la 

revendication 1 , caracterisd en ce qu'il consiste: 

a) a preparer sous agitation un melange reactionnel contenant des ions cobalt, des ions silicate et 
des particules de support poreuses solides pour former un co-pr6cipit§ des ions cobalt et silicate sur 
lesdites particules de support poreuses solides; 
65 b) a chauffer le melange r6actionnel aqueux, et 

I 
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c) a ajouter un agent precipitant alcaiin pour co-precipiter davantage les ions cobalt et silicate sur 
iesdttes particules de support poreuses soiides. 

10. Proced6 pour I'hydrogenation de composes organiques qui consiste a mettre en contact au 
moins un compose^ organique hydrog6nable avec de I'hydrogene en presence du catalyseur selon la 
5 revendication 8. 

Pate ntansp ruche 

1. Coprfizipitierter Kobalt-SiHziumdioxid-Tragerkatalysator mit einer BET-Gesamtoberflache von 
to 150 bis 350 m 2 /g und einer duch Wasserstoffchemisorption bestimmten, reduzierten Kobaltober- 
flache von 5 bis 20 m 2 /g nach Reduktion bei 400°C, wobei die Kobaltmenge im Katalysator bezogen 
auf das Gesamtgewicht des kalzinierten und reduzierten Katalysators 25 bis 70 Gew.% betragt und der 
Katalysator durch Coprazipitation von Kobalt- und Silikationen auf festen porfisen Teilchen hergestellt 
iat. 

is 2. Katalysator nach Anspruch 1 , dadurch gekennzeichnet, daB der Katalysator, bezogen auf das 

Gesamtgewicht des aktiven Katalysators, etwa 0,1 Gew.% oder weniger Natrium enthait. 

3. Katalysator nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB die festen porosen Teilchen 
aus Infusorlenerde, Diatomeenerde, Kieselerde, Siliziumdioxid oder Aluminiumoxid bestehen. 

4. Katalysator nach Anspruch 1 oder 2, dadurch gekennzeichnet, daS die festen porosen Teilchen 
to aus Kieselgur bestehen. 

5. Katalysator nach jedem der vorangegangenen Anspruche, dadurch gekennzeichnet, daS er 
bezogen auf das Gesamtgewicht des Katalysators zusatzlich 2 bis 1 0 Gew.% coprazipitiertes Kupfer 
enthait. 

6. Katalysator nach jedem der vorangegangenen Anspruche, dadurch gekennzeichnet, daS die 
26 Menge der festen porosen Teilchen, bezogen auf das gesamte Siliziumdioxid im Katalysator, 1 0 bis 70 

Gew.% betragt 

7. Katalysator nach Anspruch 6 r dadurch gekennzeichnet, daS die Menge der porosen festen Teil- 
chen, bezogen auf das gesamte Siliziumdioxid im Katalysator, 30 bis 50 Gew.% betragt. 

8. Katalysator nach jedem der vorangegangenen Anspruche, dadurch gekennzeichnet, daB er zu 
30 einem aktiven Zustand reduziert worden ist. 

9. Verfahren zur Herstellung eines coprazipitierten Kobalt-Siliziumdioxid-TrSgerkatalysators nach 
Anspruch 1 , dadurch gekennzeichnet, daB 

a) eine Reaktionsmischung, die Kobattionen, Silikationen und feste porose TrSgerteilchen enthSIt, 
35 unter Durchmischung zur Bildung eines CoprSzipitats der Kobalt- und Silikationen auf den festen 

pordsen TrSgerteilchen hergestellt wird, 

b) die wassrige Reaktionsmischung erhitzt wird und 

c) ein aikalisches FSHungsmittel zur weiteren Coprazipitation der Kobalt- und Silikationen auf den 

festen porosen Trfigerteilchen zugesetzt wird. 

40 

10. Verfahren zum Hydrieren orgsnischer Verbindungen, dadurch -gekennzeichnet, daS 
mindestens eine hydrierbare organische Verblndung mit Wasserstoff in Gegenwart des Katalysators 
gemSB Anspruch 8 kontaktiert wird. 

45 



so 
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